The aim of this study was to investigate the association of central and abdominal obesity with the prevalence of cataracts in a middle-aged Korean population. This retrospective cross-sectional study was based on the data collected from the Korea National Health and Nutrition Examination Survey 2008-2009, in which 4,914 subjects were examined. Ophthalmological examinations were performed to determine the presence of a nuclear, cortical, or posterior subcapsular cataract. Both general obesity (a body mass index !25 kg/m 2 ) and abdominal obesity (a waist circumference !90 cm for men and !80 cm for women) were significantly associated with the occurrence of cataracts among middle-aged women [adjusted odds ratio (aOR), 1.32; 95% confidence interval (CI), 1.03-1.69; and aOR, 1.40; 95% CI, 1.06-1.85, respectively], while abdominal obesity was significantly inversely associated with the occurrence of cataracts among middle-aged men (aOR, 0.76; 95% CI, 0.58-1.01; and aOR, 0.66; 95% CI, 0.49-0.89, respectively). We report a difference in the association between obesity and the prevalence of cataracts based on gender.
Introduction
The development of age-related cataract is a major health concern worldwide. Cataracts are the leading cause of blindness, and account for approximately 51% of cases [1] . The prevalence of cataracts appears to be increasing with recent reports ranging from approximately 4.9% in Brazil to as high as 23% in Indonesia and Sweden [2] [3] [4] . It is expected that age-related cataracts will continue to be an important global health issue due to increasing life expectancy [5] .
Previous studies have reported an increased risk of cataracts not only in individuals with general obesity [6, 7] but also in those with abdominal obesity [8] . Certain studies have reported a stronger association of cataracts with abdominal obesity compared to general obesity, especially in women [9] . The association between obesity and the individual subtypes of cataracts has also been investigated. In some studies, a higher body mass index (BMI) was reported to be positively associated with cortical cataracts, but negatively associated with nuclear cataracts [10] . Recently, overweight group was shown to lower the risk of cataract significantly than the normal-weight group in Korean population [11] .
Until now, reports on the association between cataracts and obesity have been inconsistent between studies. Moreover, most of the studies were conducted primarily using study groups of elderly people. Cataracts are often considered to be an unavoidable consequence of aging and aging is undoubtedly the strongest risk factor for the development of cataracts [12] , thus the analysis of other factors that contribute to an increased prevalence of cataracts may be masked due to the age of the participants in these studies. In this study, we aimed to investigate the association of central and abdominal obesity with the development of cataracts in Korean adults with a separate analysis of middle-aged participants based on gender.
Materials and Methods

The study population
The fourth Korea National Health and Nutrition Examination Survey (KNHANES IV) comprises both independent and homogeneous annual rolling samples that were conducted between 2007 and 2009 in South Korea [13] . The sampling units were households selected through a stratified, multistage, probability sampling, based on geographic area, sex, and age group, of household registries. Information was collected from stratified multistage probability samples of Korean households representing the noninstitutionalized civilian population. The KNHANES was comprised of a health interview survey, a health examination survey, and a nutrition survey. The ophthalmologic survey, including ophthalmologic interviews and examinations, was introduced into the KNHANES IV in July 2008 for participants aged !3 years on behalf of the Korean Ophthalmological Society. Out of the 14,489 participants who were selected for the ophthalmologic survey in the second and third years of the KNAHENS IV, a total of 14,606 participants (99.0%) completed the ophthalmologic survey. Among those participants, 4,930 participants (2,142 males and 2,788 females) aged 40 to 64 years were included in this study. This study was approved by the Institutional Review Board of the Catholic University of Korea (CUMC11U138).
Patient data collection
The health interview survey was designed to collect data pertaining to the general characteristics of the participants and included questions regarding socio-demographic variables, and health and behavior variables. Occupation was categorized according to the fields of agriculture, forestry, and fishery or other fields. Education was categorized into elementary school education of 6 years or higher education. Monthly household income was classified as either falling in the lowest quartile of income or in the 3 higher quartiles, according to the information provided by the participants. Smoking status was divided into smokers (including exsmokers) and non-smokers, and alcohol consumption status was divided into drinkers (including ex-drinkers) and non-drinkers. Regular exercise was defined as walking for >30 minutes at 1 time, at least 5 times a week. Participants were also categorized into 2 groups according to whether they had been exposed to an average of >5 hours of sunlight per day, whether they had engaged in outdoor activities in the past 10 years, and whether they had a family history of eye disease, such as glaucoma, cataracts, strabismus, blepharoptosis, and retinal disorders.
Blood pressure was measured 3 times after 5 minutes of rest, and the average of the second and third measurements was considered as the final blood pressure for use in our analysis. Venous blood samples were taken from the participants after fasting for at least 8 hours. Fasting plasma glucose, total cholesterol, high-density lipoprotein-cholesterol (HDL-C), and triglycerides (TGs) were measured by enzymatic methods using a Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan). Hypertension was defined as a systolic blood pressure !140 mmHg, a diastolic blood pressure !90 mmHg, or taking medication for the treatment of hypertension. Diabetes mellitus was defined as a fasting blood glucose !126 mg/dL, being diagnosed as such by health care professionals, or taking insulin or antidiabetic medications.
Height, weight, and waist circumference (WC) were measured by specially trained examiners using standard anthropometric equipment with the participants wearing only a lightweight gown. WC was measured at the midpoint between the lowest rib and the iliac crest using a measuring tape. In this study, general obesity was defined as a BMI ! 25 kg/m 2 , and abdominal obesity was defined as a WC ! 90 cm for men and ! 80 cm for women, according to the criteria for obesity established by the West-Pacific region of the WHO [12] .
All ophthalmologic examinations were conducted by ophthalmologists. Details regarding ophthalmologic examinations are provided elsewhere [13] . The slit-lamp (Haag-Streit, Koeniz, Switzerland) examinations were performed to check for the presence of cataracts using a microscope set straight ahead, the light source at 30 to 45°, at 10× magnification, and the light beam set at the maximum height with a narrow width. The slit-lamp beam was also set wide open to observe the transparency, turbidity, pigmentation, vacuolation, and nucleus of the lens to determine the type and the severity of the cataract, as well as to look for the presence of the intraocular lens. Lens opacity was diagnosed by trained ophthalmologists by using the Lens Opacity Classification System (LOCS) II system. The Lens Opacities Classification System II (LOCS II) was used to classify opacities until into 7 cortical (C0, Ctr, CI, CII, CIII, CIV, CV), 5 nuclear (NO, NI, NII, NIII, NIV), and 5 PSC (P0, PI, PII, PIII, PIV) grades of increasing severity, according to photographic standards. Aphakia or pseudophakia were also documented even though excluded in the current study. The pupils were dilated with 1% tropicamide/2.5% phenylephrine hydrochloride eye drops, and the presence of lens opacity was examined by slit-lamp biomicroscopy and evaluated according to LOCS II standard photographs. The severity or grade of lens opacity was not recorded, and only the subtype of cataract present, including nuclear, cortical, posterior subcapsular, and anterior polar cataracts, was noted. Participants were defined as having a cataract if they had a nuclear, cortical, or posterior subcapsular cataract in at least 1 eye.
Statistical analysis
All statistical analyses were performed using the SAS (version 9.2; SAS Institute, Inc., Cary, NC, USA) survey procedure using sampling weights defined by the KNHANES to provide nationally representative estimates that were adjusted for the survey year to minimize the variations between survey years. All data are presented as proportions (standard error) for categorical variables. The general and clinical characteristics of the subjects were compared with the presence of obesity and cataracts, and according to the age group. In addition, we conducted stratified analyses to assess the effect modification by gender in the association between obesity and cataract. The effect modification by gender was also tested by entering each interaction term (gender Ã BMI and gender Ã WC) in the full model. Based on the Directed Acyclic Graph (DAG), age, smoking, drinking alcohol, income, education, occupation, and sun exposure were treated as confounders. In contrast, the effect of obesity on cataract might be through metabolic abnormalities including diabetes, dyslipidemia, and hypertension in terms of mediation effect in which controlling for these mediators may result in over-adjustment. From a clinical perspective, however, we wanted to compare the model without metabolic abnormalities and the model with metabolic abnormalities (S1 Fig) .
Logistic regression analysis was performed to estimate the association between general and abdominal obesity with different types of cataracts according to age group and sex. The odds ratios (ORs) and confidence intervals (CIs) were calculated using 3 different models. Model 1 includes an estimate after adjustment for age, and model 2, an adjustment for age, income, occupation, smoking status, alcohol consumption status, education, and sun exposure. Model 3 was tested after further adjustment for diabetes mellitus, high cholesterol, and hypertension. A P-value <0.05 was considered to be statistically significant.
Results
The general and clinical characteristics of the study participants
The mean age of men and women were 50.3 and 50.1 years old, respectively. The distribution of age in the study was 50.7% in 40-49 year-old group, 37.4% in 50-59, and 11.9% in 60-64 in men; and 49.7% in 40-49, 37.5% in 50-59, and 12.8% in 60-64 in women. There were significant effect modifications of gender on BMI and WC (P = 0.047 and P = 0.0003, respectively) in the full model, which supported the rationale for stratified analyses by gender (data not shown). There were significant differences in residence, education, occupation, sun exposure, alcohol, smoking, total cholesterol, HDL-C, TGs, WC, the presence of diabetes mellitus, and the presence of hypertension between men and women in the generally obese subjects and the generally non-obese subjects. In addition, there were significant differences between men and women in the presence of cataracts, residence, education, income, occupation, marital status, smoking, total cholesterol, HDL-C, TGs, BMI, the presence of cardiovascular disease (CVD), the presence of diabetes, and the presence of hypertension between the abdominally obese subjects and the abdominally non-obese subjects ( Table 1 ).
The prevalence of cataracts in the study population
The prevalence of cataract increased with advancing age in both genders (Fig 1) . The prevalence of cataracts was 25.0% among middle-aged participants (ages 40 to 64). Among men, 25.0% of the generally obese middle-aged group had cataracts. Of the abdominally obese adults, 26.0% of middle-aged men presented with cataracts. The prevalence of cataracts was 29.0% among the generally obese middle-aged women, and 35.0% among the abdominally obese middle-aged women. The prevalence of cataracts was significantly higher in both the generally obese group (29.0% vs. 23.0%) and the abdominally obese group (35.0% vs. 21.0%) compared with their non-obese counterparts (both P < 0.001) among middle-aged women (Fig 2) .
The comparison of middle-aged men and women according to the presence of cataracts There were significant differences among the middle-aged male cataract group, and the normal group in residence, education, income, occupation, the amount of sun exposure, a family history of eye disease, total cholesterol, and the presence of CVD, diabetes, and hypertension. Among the middle-aged female participants, residence, education, income, occupation, marital status, the amount of sun exposure, CVD, diabetes, and hypertension, HDL-C, total 
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cholesterol, TGs, and BMI, WC significantly differed between the cataract group and the normal group ( Table 2 ).
The gender association between obesity and cataracts in middle-aged participants
General obesity was associated with cataracts among middle-aged women (Table 3) . When compared with non-obese, middle-aged women, generally obese middle-aged women were more likely to have cataracts as determined using models 1, 2, and 3 (OR, 1.33; 95% CI, 1.05-1.69; OR, 1.34; 95% CI, 1.06-1.70; and OR, 1.32; 95% CI 1.03-1.69, respectively) and were also more likely to have a nuclear cataract as determined using model 2 (OR, 1.34; 95% CI, 1.01-1.77). The presence of cataracts was also related to abdominal obesity among middle-aged participants, but with contrasting patterns between men and women. Similar to generally obese middle-aged women, abdominally obese middle-aged women were more likely to have cataracts as determined using models 1, 2, and 3 (OR, 1.34; 95% CI, 1.02-1.78; OR, 1.37; 95% CI, 1.03-1.82; and OR, 1.40; 95% CI, 1.06-1.85, respectively) compared to abdominally non-obese middle-aged women. In contrast, it was shown using models 2 and 3 that abdominally obese 
Discussion
In this study, we found that both general and abdominal obesity were significantly associated with cataracts only in middle-aged Korean women. In contrast, there was a significant inverse association between abdominal obesity and both cataracts and cortical cataracts among middle-aged men. The prevalence of cataracts was significantly higher among middle-aged women with general or abdominal obesity compared to non-obese women.
The association between obesity and cataracts has been previously investigated in numerous studies [6, [8] [9] [10] [14] [15] [16] [17] . The observed association between general and abdominal obesity and cataracts among middle-aged women in this study was consistent with several previous large population-based studies. According to a prospective cohort study among American men and women aged !45 years, subjects with a BMI ! 30 kg/m 2 had a 36% higher risk of developing cataracts compared to those with a BMI < 23 kg/m 2 [6] . Another study conducted among women aged 53 to 73 living in the United States showed that weight and abdominal adiposity Data are expressed as % (SE).Low high-density lipoprotein-cholesterol (HDL-C) = HDL-C < 40 mg/dL (males) and HDL-C < 50 mg/dL (females), or on medication.
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contribute to the risk of developing posterior subcapsular cataracts [17] . Additionally, in 1 prospective follow-up study, it was shown that after a 9-year follow-up of subjects who had no cataracts at baseline, a high BMI or waist-to-hip ratio (WHR) was associated with the development of cataracts [8] . Moreover, a stronger association of age-related eye disease with central obesity than with BMI among women has also been reported [9] . Although the association between obesity and cataracts in women has been validated in many previous studies, the present study showed such an association only among middle-aged women, suggesting an agedependent association between obesity and the development of cataracts. Likewise, according to a study conducted in Sweden, [18] abdominal obesity was associated with an increased risk of cataract extraction, especially among women <65 years of age. Population-based study using identical KNHNES 2009 showed that the overweight group had significantly lower risk of any type of cataract (odds ratio, 0.70; 95% confidence interval, 0.50 to 0.97) in men and (odds ratio, 0.70; 95% confidence interval, 0.51 to 0.97) in women in the multiple logistic regression analyses. We used different age group because we aimed to eliminate the effect of aging in cataract formation. One of the most interesting findings from this study was that central obesity among middleaged men was inversely associated with the development of age-related cataracts, in particular, cortical cataracts. Moreover, although not statistically significant, BMI was also negatively associated with the development of cataracts in this group, indicating an inverse association between obesity and cataracts in middle-aged men. In the same context, there are also other reports of an association between a lower BMI and the development of cataracts. According to a population-based study in China, a lower BMI was associated with the development of all forms of cataracts and specifically, cortical cataracts [19] . In addition, the association between a lower BMI and nuclear cataracts has also been reported [20] . However, contrary to the findings of this analysis, a study conducted in a black population aged 40 to 84 years living in Barbados found an association between abdominal obesity and a high prevalence of cataracts [21] . Likewise, in another study conducted among men in the United States, both BMI and abdominal obesity were reported to be risk factors in the development of cataracts [8] . Although the reasons for the discrepancies in such findings are not known, it can be assumed that the association between obesity and cataracts varies among populations [22] and between genders. The differences between men and women regarding age-related eye diseases such as age-related maculopathy, has been attributed to hormonal effects [9] . Being underweight is often related to low socio-economic status, smoking, a history of diarrhea and dehydration, [23] and poor nutrition, [24] which are all risk factors for the development of cataracts. In contrast to most of the other reports from studies conducted in Asia, an analysis conducted in India showed no association between a lower BMI and age-related cataracts, [25] suggesting inconsistencies in the association even among Asians. Thus, further research regarding the relationship between being underweight and developing cataracts is required. The relationship between obesity and the different subtypes of cataracts has been analyzed in many previous studies [10, 16, 26, 27] . Although most studies on the subject have reported that obesity is associated with cortical and posterior subcapsular cataracts, certain studies have reported different results, [10] again indicating a need for further research in this field.
The present study has some limitations that warrant mentioning. First, this is a cross-sectional analysis and therefore, causality cannot be derived from the observed associations. Second, the study population was limited to South Koreans; thus, the results cannot be generalized to other populations. Lastly, we did not explore the association regarding the varying degree and duration of obesity. Further study should be needed to use linear or categorical variables to test the association of cataract and degree and duration of obesity. However, major strength of this study is that it is the first nationally representative population-based study in Korea to observe the relationship between obesity and the development of cataracts that has been confirmed through ophthalmologic examinations as a part of the KNHANES.
In conclusion, both general and abdominal obesity were significantly associated with the prevalence of cataracts among middle-aged Korean women, while a significant inverse association was found between abdominal obesity and cataracts and cortical cataracts among middleaged Korean men. Different approaches may be required in the management of obesity according to gender for in the prevention of the development of cataracts among the middle-aged population.
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